Summary. Unilateral resection of the isthmus of the Fallopian tube followed by end-to-end 
{Received 20th April 1970) Summary. Unilateral resection of the isthmus of the Fallopian tube followed by end-to-end anastomosis of the remaining portions was performed in twenty-one pigs, after which mating took place at known times relative to the onset of spontaneous oestrus. Eggs from both the anastomosed and control tubes were recovered at slaughter immediately following the end of oestrus.
Neither the surgical intervention nor the temporary presence of a tubal catheter influenced the duration of the oestrous cycle. Inhibition or retardation of ovulation found on the side of the anastomosis in three animals was presumed to be associated with the development of postoperative adhesions. As judged by the presence of spermatozoa in the zona pellucida of eggs recovered from thirteen animals, eleven of the tubes were patent above and below the anastomosis. It has been shown that fertilization and early cleavage of pig eggs can take place in the absence of the isthmus, and that the rate of cleavage is not modified by this situation. An increased number of spermatozoa was found on the eggs from the anastomosed tube which, together with the striking incidence of polyspermic eggs (32\m=.\4%), indicates that the isthmus normally limits passage of spermatozoa to the upper reaches of the Fallopian tube. Attention is drawn to the implications of these findings in human tubal surgery.
INTRODUCTION
The mammalian Fallopian tube has been widely studied from the point of view of its anatomy, histology and secretory function (for detailed review, see Hafez & Blandau, 1969 ) and more recently, methods for collecting and analysing the tubai fluids have been developed in several laboratory and domestic species (summarized by Restall, 1967; Hamner & Fox, 1969) . However, as far as the processes of capacitation and fertilization are concerned, the respective contri¬ butions of the isthmic and ampullary portions have yet to be adequately defined, 234 R. H. F. Hunter and P. C. Léglise despite the fact that their regulatory influence on the passage of the gametes and embryo has been the subject of numerous experiments by Black & Asdell (1959) , Greenwald (1961) , Harper (1961) and Blandau (1969) After counting the number of recent ovulations and large follicles, the Fallopian tubes were dissected free from their ligaments, separated from the uterus just caudal to the utero-tubal junction, and perfused with 20 ml physio¬ logical saline. Distension of the operated tube invariably followed injection by way of the fimbria, since the anastomosis between the relatively thin-walled Polyspermic fertilization after tubai surgery 237 ampulla and muscular portion of the tube adjacent to the utero-tubal junction appeared to be acting as a valve when under pressure. In the majority of animals, the tube was therefore perfused towards the fimbria, a blunted needle being introduced through the tip of the uterine horn to within 2 to 3 mm of the anastomosis for this purpose. The recovered eggs were examined under a binocular microscope ( 40) for their stage of development and the presence of spermatozoa in the zona pellucida. They were fixed for approximately 24 hr in Bouin-Hollande's solution, included in agar, dehydrated with alcohol, and embedded in paraffin (Thibault, 1949) . The blocks were sectioned serially at 8 to 10 µ and stained with Regaud's haematoxylin, the contents of each tube being treated separately. The preparations were then examined under oil immersion ( 100) using a Zeiss microscope, particular attention being paid to all nuclear structures, and the number of spermatozoa on and in the zona pellucida was recorded.
RESULTS
One of the animals which underwent surgery for resection of the isthmus developed an abscess on the left fore-leg soon after the operation and was slaughtered. This gilt had not returned to oestrus, and was eliminated from the experiment. The (Tables  1 and 2 ). All the eggs recovered from three of these five anastomosed tubes were polyspermic, two of three eggs in the fourth tube were polyspermic, but only one of nine eggs in the fifth tube showed this condition.
With the exception of pronuclear eggs recovered from both tubes of an animal killed at 09.15 hours on the 3rd day of oestrus, all the fertilized eggs were completely denuded of cumulus and corona cells when examined immedi¬ ately upon flushing. No overall dissimilarity in the timing of egg development was noted between the two sides of the tract, stages from pronuclear to six-cells being represented, although one of the anastomosed tubes contained a normal eight-cell egg. Ten of the eleven polyspermic eggs possessed first and second polar bodies. The single polar body present on the remaining egg was judged to be the second, after taking into account the small and compact arrangement of the chromatin, and comparing this structure with both polar bodies on neighbouring eggs.
The single polyspermic egg recovered from the control tube possessed first and second polar bodies, two pronuclei at syngamy, and four discrete accessory male pronuclei of approximately similar size and structure.
Sperm mid-pieces and tails were seldom identified in the pronuclear eggs, presumably because of the procedure of sectioning the eggs at 8 to 10 µ, with the result that only a transverse section of the tail would have been apparent in most instances. However, in two cases of polyspermy, a large segment of the sperm mid-piece and tail could be distinguished and this was closely associated with a male pronucleus.
DISCUSSION
The results of these experiments demonstrate that fertilization and early cleav¬ age of pig eggs can take place in a Fallopian tube from which the isthmus has been removed by a surgical procedure, and that the rate of cleavage does not differ between the two tubes under these conditions. Any biochemical contri¬ bution to the processes of capacitation and fertilization by the isthmus must, therefore, remain questionable. But evidence from studies in vivo and in vitro suggests strongly that the secretions essential for the fertilization and early development of the egg are furnished by the ampulla rather than the isthmus, the former having been shown in a number of species to be the most active secretory region of the entire oviduct (e.g. for the ewe: Hadek, 1955; Restall, 1966; Restall & Wales, 1968) . Furthermore, Whittingham (1968) has reported that mouse zygotes degenerated when cultured within the explanted isthmus, whereas the explanted ampullar region of the tube was able to support develop¬ ment, and he commented that the paucity or absence of secretory cells in the mouse isthmus could explain this situation.
A comparison of the numbers of spermatozoa about the eggs from the sec¬ tioned and control tubes indicates that the isthmus performs a vital physiological function in limiting the passage of spermatozoa to the site of fertilization. In the absence of the isthmus, the numbers of spermatozoa on the eggs from the two tubes differed as much as ten-fold in some animals, this disparity frequently being more pronounced at the pronuclear stage of development. The precise mechanism whereby the isthmus regulates sperm ascent is not clear, but its powerful muscular ability and the extensive longitudinal folding of the mucosa must certainly be invoked to explain the enormous reduction in sperm numbers between those present at the utero-tubal junction of the pig (du Mesnil du Buisson & Dauzier, 1955a; Rigby, 1964 Rigby, , 1966 and those reaching the site of 243 fertilization in the ampulla (du Mesnil du Buisson & Dauzier, 1955b; Hunter & Dziuk, 1968 Pitkjanen, 1961; Rigby, 1964 Rigby, , 1966 (Hancock, 1959; Thibault, 1959; Hunter, 1967a) may suggest, on the basis of the above results, an effect of progesterone secretion by the developing corpora lutea on the musculature of the isthmus and utero-tubal junction, and the same effect may account for the very high incidence of polyspermy demonstrated in eggs induced to ovulate during the luteal phase of the cycle (Hunter, 1967b) , or when injections of progesterone are given shortly before ovulation (Day & Polge, 1968 Bomsel-Helmreich (1965) . In any case, the fate of these accessory pronuclei could not be determined from the present data, but Austin (1965) has written that formation of supernumerary pronuclei leads apparently inevitably to abnormal embryonic development.
Our observations on pronuclear development in polyspermic eggs contrast with the findings in eggs induced to ovulate during the luteal phase in the pig, in which both unswollen sperm heads and incompletely developed male pronuclei were found in the cytoplasm of polyspermic eggs (Hunter, 1967b) . It was envisaged that a cytoplasmic factor necessary for the metamorphosis of the sperm head into a pronucleus was present in only a limited quantity under these conditions, a theme previously developed by Austin & Braden (1955) after their finding of pronuclei that were distinctly smaller than usual in poly¬ spermic rat and mouse eggs. Failure of cytoplasmic sperm heads to undergo swelling and transformation into male pronuclei has also been reported for the pig by Polge & Dziuk (1965) in eggs that they termed immature, but following polyspermic penetration of apparently mature eggs under conditions of pro¬ gesterone dominance (Day & Polge, 1968) , pronuclear formation usually took place.
Patency of the tubes to sperm passage was demonstrable in a high proportion of animals after resection of the isthmus and end-to-end anastomosis. However, egg transport through the remaining portions of the Fallopian tube and the probability of subsequent implantation may be altered after this operation since the rate of passage along the tube is undoubtedly influenced by the isthmus. The descent of the egg may therefore be considerably faster than usual, although no evidence of premature arrival of eggs in the uterus was found in this study. Conversely, transport of the egg through the scar region of the anastomosis may be impeded, even though the tube may be patent to fluid passage. As far as attempts to alleviate infertility in women with occluded Fallopian tubes are concerned, it is clearly of particular interest to know whether eggs can success¬ fully negotiate an anastomosed section of the tube, for if the incidence of trans-
